An x-ray fluorescence method for measurement of total serum phospholipid is described. A Folch extract of 1 ml of serum is evaporated and deposited on a paper disc by washing with chloroform. A coefficient of variation of The method is free of interference from other lipid constituents and phosphorous content can be standardized by comparison with very stable inorganic phosphates.
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Methods and Materials
Apparatus The x-ray determinations were performed with a Philips-Norelco PW-1410 x-ray spectrograph. The source of excitation was a chromium target tube operated at 50 kV and 51 mA. A germanium(III) crystal was used to disperse the emerging x-rays. Fluorescence x-rays were detected with a flow-proportional counter, with use of a 10% methane-90% argon gas mixture (Selox, Inc.; P-b gas). The optimum parameters for the detector and the pulse height analyzer were determined visually by means of a Philips-Norelco pha-2100 scope. The pulse height analyzer was set to reject any signals below 1.34 V and above 2.1 V.
The samples were placed in a circular Teflon holder equipped with an 0.00025-inch Mylar window and rotated.
The optimum goniometer setting was determined by scanning the 2-0 angle between 136#{176} and 145#{176}. The 2-0 settings used were 141#{176} for the Ka line of phosphorus and 137#{176} for background. All counting times were adjusted so that the expected standard deviation in the counts was less than 1%. This is preferably the surface on which the filter paper was placed when loaded with extract.
Reagents and Materials
a volumetric flask. This solution was then diluted volumetrically to yield solutions of 120, 90.0, 60.0 and 30.0 mmol/liter. A 10-gil aliquot of each solution was then placed on a paper disc (attached to the Teflon backing with Double Stick tape) via a microburet syringe.
Results and Discussion
The use of ion-exchange impregnated papers and filter papers in x-ray fluorescence analysis is well known (11) . These methods suffer from several general limitations such as incomplete recovery, long equilibration times, and lack of homogeneous distribution of ions throughout the thickness of the filter materials.
Although the method reported here does not suffer from the first two of these disadvantages, the third must be considered carefully. The standards are made from an aqueous solution of potassium dihydrogen phosphate, which wets the paper uniformly, and hence the phosphate ion is distributed homogeneously throughout the paper disc. When the lipid extract is placed on the disc, however, the polar phospholipid may associate with the polar sites on the cellulose near the upper surface of the disc and not impregnate the paper uniformly. Because of the low energy of phosphorus x-rays, and the above-mentioned problem, a higher counting rate is obtained on the "Amount ofphospholipid inall samplesis1.05 mol.
Average of all those below is 0.4%. 'On the filter disk. To test for a systematic difference that might be present, nine individual sera were each tested in duplicate by both methods. The results are given in Table 1 . A comparison of the data by a t-test indicates that the mean difference is not statistically different from zero at the 95% confidence level.
Because the sample does not distribute uniformly through the filter paper, we were concerned that an extract containing a very large amount of nonphospholipid material might interfere by disturbing the distribution and by scattering the low-energy x-rays. The data of Table 2 indicate that even very large amounts of cholesterol esters do not suppress the fluorescence of phosphorus. In fact, visual observation of the heavily loaded discs indicates a ring of material on the outer edge of the filter paper; thus the less polar lipids are effectively "chromatographed" away from the more polar material, thereby mitigating any matrix effect of this type. A detailed study of recovery and contamination by inorganic phosphorus was not carried out, because these characteristics of the Foich procedure used by us are very well known.
In this work the x-ray method described above has proven to be far less tedious than the heteropolyblue method. The advantage of the technique lies in its overall speed, simplicity, and freedom from reagent interference.
The reproducibility of the method, including that of the Foich extraction, is about 4% for samples containing at least 1 imol of phosphorus.
